Highlight: Afield-cage study was conducted in 1973 and 1974 
of Aulocaru elliotti (Thomas), an economically important grasshopper on shortgrass rangeland. Our loss figures were then compared to the forage loss figures due to grasshoppers determined by other workers. In general, Aulocara elliotti, the species chosen for the test, is among the most damaging grasshopper species on rangeland (Mulkem et al., 1969) . It has been reported as a pest on rangeland over a long period (Cooley, 1904; Swenk, 1913; Corkins, 1923; Strand, 1937; White and Rock, 1945; Anderson, 1961; Brusven and Lambley, 1971) . The species apparently prefers the wheatgrasses (Pfadt, 1949b; Brooks, 1958; Anderson, 1961; Mulkem et al., 1969) . Pfadt ( 1949a) estimated forage losses due to this species on Wyoming rangeland by using field cages. He concluded that populations of 15 to 35/yd2 could destroy as much forage as is normally produced each year on shortgrass rangeland.
Materials and Methods

Study
A 15.7 ha area of native rangeland near Three Forks, Mont., was selected as the 1973 study site because one grass species, needleandthread (Stipa comata) was dominant, that is, it comprised approximately 92% of the vegetation (dry weight basis). The entire site was fenced to exclude large herbivores. Then 10 plots of approximately 36 m2 each were established in 2 rows, S/row. Eight cages measuring 6 X 6 x 1 m and constructed of Saran@ screen were placed over 8 of the plots in two rows of four cages each (Fig. 1) . One plot in each row was not covered by a cage. Twenty-five steel rods 25 cm high were placed at l-m intervals within each cage (and throughout the uncovered plots) to provide resting sites for the grasshoppers and thus a more uniform distribution within the cages or plots.
On June 13, three in each row were infested with one of three densities of field-collected 3rd-and 4th-instar A. elliotti, 28/m2 for the high density cages, 14/m2 for the medium density cages, and 7/m2 for the low density cages. The desired densities were 20, 10, and 5 adults/ m2, but the higher rates of infestation allowed for some mortality of nymphs as they developed to the adult stage. Density was monitored weekly beginning July 9 by counting the number of grasshoppers in eight l-m2 quadrates within each cage, the four corner quadrates plus the four quadrates that touched the comer quadrates and were located on a diagonal line from the center toward the opposite comer. Quadrates were not selected randomly because the center quadrates could not be observed without removing the cage top, cages would disturb the grasshoppers. The vegetation in the two empty cages (which contained miscellaneous species that hatched within the cage) and in the two plots without cages were used to measure forage production and to determine the effect of the cages on plant growth.
The standing crop of vegetation on all 10 plots was estimated twice during the test, at 27 days after infestation when needleandthread seed heads were mature and at 55 days after infestation, when grasshopper mortality approached 100%. To make these estimates, we randomly 1973 Study Linear regression was used to develop a formula for pmdieting daily grasshopper density within each infested cage (Table I) . Such amodel is theoretically not tenable for an entire generation ofgrasshoppers (from egg through adult stages), but our data for 3rd.instar nymphs through adults did not suggest a significant departure from linearity. Therefore, the linear model was considered an acceptable means of predicting daily grasshopper density with the cages. Integration techniques were then used to determine the area under each regression line for days I 1 Slope is significant at rile 5% level Of error. *Slope is significant at the 6% level Of error. "Slope is significmf at the 15% level Of error.
tbmugh 28 (time to first clipping) and for days 1 through 55 (time of second clipping). These axas represented the estimated cumulative number of grasshoppers that fed for I day on I rn' within each plot (designated grasshopper feeding days [GF'DI). The GFD were considered a reliable index of grazing pressure because they took into account both the density and longevity of grasshoppers per unit area. However, they did not take into account sex differences in feeding habits of adults, which may be important. When GFD are plotted vs the amount of unconsumed forage, the slope of the regression curve equals the rate of daily consumption. The first clipping of the 1973 study showed that a significant total reduction in forage (35%) had been produced by the high population; also, this population reduced the number of inflorescences 91%. During the first part of the test, the populations were near those desired.
In the other cages forage reduction was not consistent with the lower densities, despite the fact that at the end of the test, the second clipping showed a total forage loss of 63% in cages with high density and a loss of approximately 33% in the cages with the other two densities (Table 2) . Losses during the first half of the test resulted mainly from Aulocara. After the first clipping, the other species that hatched within the cages undoubtedly contributed somewhat to forage losses. However, these species generally did not develop beyond the 4th instar so their forage consumption was minimum compared to that of Aulocara. Also, population densities of other species were about the same in all cages so differences in available forage at 55 days were still primarily attributed to differences in densities of Aulocara.
The relationship between GFD (Aulocara) and available forage of needleandthread is shown in Figure 2 . The slopes of the regression curves indicated essentially identical average losses of 22.0 & 2.12 and 18.8 k 1.82 mg of forage/m2/GFD for the 27-day and 55-day intervals, respectively. 
The plots that were first established in 1973 at the Three Forks site showed a reduction in total forage (compared with the control in 1974) of 32.5% in plots exposed to the high density population, of 8.2% for exposure to the medium density, and of 16.5% for exposure to the low density (Table 3 ). This lower production in 1974 in plots exposed to a medium density reflected the slightly greater losses in those plots in 1973. Thus, the effects of grasshopper feeding seemed to extend beyond the season of feeding. However, less forage was produced in 1974 than in 1973, even in plots where grasshoppers were not present.
The 1974 clippings from the Three Forks site showed no difference in available forage between low and high densities of grasshoppers (Table 3) . However, both yields were significantly lower than that of the control cages (P<O. 10). Miscellaneous grasshopper species again hatched within the cages and contributed to some of the total forage loss.
Forage reduction at the Norris site was 26% for the high density population and 25% for the low density population of Aulocura (Table 4 ). The losses can again be attributed primarily to Aulocuru since the control cages conained as many miscellaneous grasshoppers [mostly Melunoplus sunguinipes (F.) ] as the treated cages.
assumed to be linear as it had been in 1973. Formulae for estimating the daily densities were therefore determined graphically and subjected to integration to obtain an estimate of GFD for each cage. Then the seasonal forage loss per cage was divided by GFD to estimate forage loss per grasshopper per day. Aulocaru losses were based on production of needleandthread at the Three Forks site and on total production of grasses at the Norris site. The estimates are shown in Table 5 along with forage loss figures for Aulocura reported by other workers.
Discussion
Densities of grasshoppers in the cages were not estimated during the test at either site in 1974. Thus, data for population decline such as is shown in Figure 2 were not available for 1974. However, the daily reduction in density of Aulocaru was as an adult). The loss includes both food consumed and forage wasted or destroyed. According to Mitchell and Pfadt (1974) , only 50% of the forage lost due to the presence of Aulocaru is actually consumed. However, the loss estimate does not take into account feeding differences due to sex. It also does not account for forage lost to grasshoppers that die before they reach the adult stage or that feed beyond 75 days. Also, the actual amount of forage lost at any one location will depend on many environmental variables that cannot be predicted. Putnam (1962) reported forage losses caused by field populations of Camnula pellucida (Scudder) and Amphitornus coloradus (Thomas), two species of rangeland grasshoppers that are somewhat smaller than Aulocaru. From his data, a loss of 8.5 mg per day per nymph results when the losses due to the two species are averaged; the loss per adult is 74.5 mg per day. These values convert to a loss of 23.3 lb/acre for a 75day feeding period, which is only slightly higher than our estimates for Aulocaru. However, these findings are only an estimate of forage losses and should be validated in the field to determine their validity in estimating actual forage losses.
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